A preliminary classification of 130 canine mammary adenocarcinornas, 76 solid carcinomas, and nine spindle cell carcinomas, together with several subtypes, was constructed from pooled, selected (metastasized) material. Each tumour in this series was classified by subjective assessment of its quantitatively predominant histological picture. Many adenocarcinomas and solid carcinomas of simple type were infiltrative, and lymphatic permeation was often found. The complex types of adenocarcinomas and of solid carcinomas were expansive, and lymphatic permeation was rare. Somemetastasized adenocarcinomas were well differentiated. The clinical signs, distribution of metastases and some preliminary data on the times of survival of dogs with various types of carcinomas are discussed.
among cases of mammary cancer [lo] , but Boxers were underrepresented in the series of HOWARD and NIELSEN [12] . SCHNEIDER et al. [22] found that neutered bitches had only 12% of the risk of developing mammary cancer compared with intact animals. MOULTON et al. [I71 studied epidemiological factors in groups of dogs, with mammary tumours, from two urban counties and from a closed colony in a life-span study.
The age distribution of mammary cancer in the dog mimics that of breast cancer in women when ages of dogs are converted to human equivalents. The age-adjusted frequency in bitches was found to be three times higher than in women [23] .
The borderline between benign and malignant tumours is not always clear-cut histologically [5] . Probably the differences in assessing the histological criteria of malignancy and the selection of the material used by various investigators accounts for the wide range of reported frequency of histologically malignant mammary tumours : DAHME and WEISS [7] 73.7 %, BLOOM [2] [5] found that only 10% of all mammary tumours in their collection metastasized and thus were proved to be malignant. In these two series the histologically malignant mammary tumours outnumbered the clinical metastasizing ones by four to one. Considering the presence of metastasis to be the major sign of malignancy in tumours, we have based our classification on proved metastasized carcinomas; this is of course a selective procedure. We decided to postpone the difficulty of distinguishing histologically between malignant tumours, including non-metastasized carcinomas, and benign tumours until the results of a detailed comparative study in Amsterdam of benign tumours and those of borderline malignancy are available.
The aims of the present paper are (1) to present a classification of 130 adenocarcinomas, 76 solid carcinomas and nine spindle cell carcinomas all found in bitches. The classification is based solely on morphological features, and in those cases where more than one morphological feature was apparent, on the one that predominated as far as could be judged from the available slides. The present classification is part of a classification of canine malignant mammary tumours to be published by the World Health Organization [24] . (2) To give macroscopic and microscopic descriptions of the several types of adenocarcinomas, solid carcinomas and spindle cell carcinomas. (3) To report clinical signs, distribution of metastases and some preliminary data on the times of survival of the host. (4) To provide a morphological basis for current studies on the relationship between morphological features (histological type, nature of growth) and biological behaviour.
The controversy relating to endocrine dysfunction and mammary tumour development and also the breeds affected are not discussed here. The comparative aspects between different animals and between animals and man will be presented in a future publication. In a subsequent paper in this journal (part 111) the metaplastic and anaplastic mammary carcinomas and the malignant mixed mammary tumours will be discussed.
Material and Methods
The 130 adenocarcinomas, the 76 solid carcinomas and nine spindle cell carcinomas are from a series of cases of canine malignant metastasized mammary tumours. Most of this material was obtained at necropsy, but in eight cases the surgically removed primary tumour and the regional lymph node metastases were examined.
The material was pooled from veterinary schools in Edinburgh, Giessen, London, Melbourne, Munich, Sydney and Utrecht and from practitioners in and around Amsterdam. All material was formalin-fixed, sectionzd at 6-7 11 and stained with either hsematoxylin and eosin or haematoxylin and azofloxin.
Two to six areas of each primary tumour were examined microscopically, and at least one slide of a metastatic lesion was also examined.
For the Amsterdam cases, which form the major part of this series, routine histological examination was performed on the primary tumour, the regional and remote lymph nodes, the lungs and other organs (bones and central nervous system in half the cases), whether grossly affected or not.
Microscopic 
Results
The 215 cases of carcinomas were classified as follows: (56) were subdivided into two subtypes:
Tubular adenocarcinomas

Tubular adenocarcinonzas of simple type (37).
Sixteen were of purely tubular type, seven had papilliferous parts, and in eight solid tumour tissue was recognized. Squamous metaplasia was a distinct feature in six. These carcinomas usually grew in a highly invasive fashion (fig. l), and lymphatic permeation was found in 25. Necrosis was common. Pleomorphism and the mitotic rate varied from low to high between tumours. The amount of stroma was mostly small or moderate. Lymphocytes and plasma cells were found around, only rarely in, some carcinomas. (19) . These consisted of tubules, lined by cuboidal or columnar cells, surrounded by solid sheets of polyhedral or spindle-shaped cells ( fig. 2 ), which often contained vacuolated cytoplasm (neoplastic myoepithelial cells). Sometimes these cells were arranged in a more or less 'reticulated' fashion. About half of these carcinomas grew in an expansive lobular fashion, and lymphatic permeation occurred in four.
Tubular adenocarcinonia of complex type
Papillary adenocarcinoma (50 cases)
Papillary adenocarcinoma of simple type (45).
Thirty-five were of a purely papillary type, six in addition had tubular areas and nine, solid areas. Extensive infiltration into skin and underlying tissue was frequently seen, and lymphatic permeation ( fig. 3 ) occurred in 36. In four cases, blood vessels as well as lymphatics contained clusters of tumour cells. Sometimes it was difficult to recognize whether a papillary adenocarcinoma was growing in lymphatic vessels, neoplastic tubules or pre-existing tubules. Papillary adenocarcinomas were mostly composed of columnar or cuboidal cells arranged in papillary structures with scanty stroma. In some tumours papillae had fused to form a sieve-like pattern. True cylindromatous or adenoid cystic carcinomas, however, were not found.
Degree of pleomorphism and mitotic activity varied from moderate to high. Difficulty was sometimes experienced in differentiating papillary adenocarcinomas from ductal papillomas and the papillary type of epitheliosis (see glossary). The histological pattern of two carcinomas, which had spread to a regional lymph node, resembled to some extent that of papillary epitheliosis. Five papillary adenocarcinomas were next to benign mixed tumours. Each of two dogs had a papillary adenocarcinoma and a malignant mixed tumour in different mammary glands.
I .2.2. Papillary adenocarcinoma of complex type ( 5 ) .
These carcinomas were rather well-differentiated, and lymphatic permeation was not found. The papillae in these tumours, covered by cuboidal or columnar epithelial cells, were surrounded by solid sheets of cells resembling myoepithelial cells.
1.3.1. Papillary cystic adenocarcinomu of simple type (16) . These tumours were mostly composed of columnar or sometimes cuboidal cells that lined cysts and papillae projecting into the cysts. Most of these tumours were well-differentiated ; lymphatic permeation occurred in three. Calcium deposits were present in two, in the lumen and in the epithelium covering the papillae, respectively ( fig. 4) .
In six tumours pleomorphism and the mitotic rate were low, giving them a benign appearance ( fig. 5 ). Two papillary cystadenocarcinomas were next to benign mixed tumours. (8) . These tumours differed from the simple type only in the occurrence of solid foci of spindle cells that had vacuolated cytoplasm.
Papillary cystadenocarcinoma of complex type
In this group there were well-differentiated tumours that were histologically indistinguishable from benign tumours, but their malignant nature was manifest by the presence of metastases ( fig. 6 ), which were also well-differentiated.
Site and Gross Appearance (All Types of Adenocarcinomas)
The adenocarcinomas in this series were large (average size, 8 cm; range, 2-20 cm) and often affected several adjacent glands in continuity. There was some predilection for the posterior glands. In cases with prominent lymphatic permeation either one or both mammary chains were swollen and oedematous. Most tubular and papillary adenocarcinomas were ill-defined and adherent to the skin and underlying tissues. Ulceration and necrosis was frequent. Papillary cystadenocarcinomas often had macroscopic cysts with papillary projections. The complex subtypes of adenocarcinomas and also the well-differentiated adenocarcinomas were generally clearly demarcated.
Generally adenocarcinomas were found in elderly bitches, whose average age at death was 11 years (range, 6-17 years). 
Clinical Signs and Course of Disease in Relation to Pathological Findings
Most dogs were destroyed; only 11 died naturally. The clinical history of 68 of 130 dogs with adenocarcinomas was known. Some of these dogs had various clinical signs (table I) .
In many dogs ulceration, recurrence, and the inoperable state of the mammary tumour were the main reasons for destruction. In these dogs, metastases, especially to lymph nodes and lungs, were frequently found. Clinically swollen regional lymph nodes usually contained metastatic neo- plastic tissue, but in two dogs only inflammation was found. In nine of 14 dogs with pulmonary metastases of complex adenocarcinomas, metastases were not found in regional nodes.
Dyspnoea and coughing proved to be related to either pulmonary or pleural metastases, or both. In 12 of 68 dogs radiography of the thorax had already shown pulmonary shadows. The lungs often showed nodular involvement radiographically. Especially in those dogs in which the mammary carcinoma had spread via lymphatic vessels the 'lymphangitic' type of pulmonary metastases characterized by a finely reticulated pattern was found. None of the dogs with well-differentiated adenocarcinomas had clinical Table I . .. signs of metastases in lungs or other organs. Locomotory disturbances in seven dogs were related to extensive neoplastic infiltration of the sacral plexus and in two dogs to skeletal metastases (vertebra and femur).
Nonspecific clinical signs such as cachexia and anaemia in some dogs could have been related to either metastases or intercurrent diseases (pyometra, nephritis) or both.
The distribution of metastases is shown in table 11. Systematic microscopic examination, however, was not carried out in all cases. The lungs, regional lymph nodes (axillary, superficial inguinal) and to a lesser extent the more remote lymph nodes (prescapular, deep inguinal) appeared to be sites of predilection for metastases. Other distant organs (liver, kidneys, heart, bones) were much less frequently invaded.
The time of survival (between detection and death) was known in 43 of 130 dogs with mammary adenocarcinoma. Practically all these dogs were destroyed. Many of them had undergone surgery, but information about treatment was not available in all cases. In dogs with adenocarcinomas of the simple types (tubular, papillary, papillary-cystic) accompanied by lymphatic permeation, the time of survival after detection was shorter (see table 111 ) compared with that of dogs with adenocarcinomas of the same histological types without lymphatic permeation. Most dogs either with or without lymphatic permeation were destroyed because of their tumours, either the primary tumour (inoperable, ulceration) or metastases (dyspnoea, abdominal tumours).
Eight dogs with complex adenocarcinomas (tubular, papillary, papillarycystic), all without lymphatic permeation, survived for relatively long periods after surgery (table 111) . Some of these dogs ultimately had to be destroyed because of intercurrent disease.
Solid Carcinomas (76)
The solid carcinomas were divided into two subgroups.
Solid carcinomas of simple type (56).
Some of these carcinomas were composed of cells with vacuolated cytoplasm ('clear-cell' type), 23 were of a purely solid type ( fig. 7) , and the rest had foci of adenocarcinomatous differentiation. The cells in the solid, as well as in the adenocarcinomatous parts of the tumours, resembled epithelial cells.
Most carcinomas of this group were infiltrative, and lymphatic permeation occurred in 32. Some 'clear cell' carcinomas grew in a lobulated expansive way ( fig. 8) . Necrosis was common. The degree of pleomorphism and the mitotic rate varied from moderate to high. Amount of stroma ranged from slight to moderate. Four solid carcinomas were next to benign mixed tumours ( fig. 9 ). (20) . These were composed predominantly of cells, arranged in solid sheets or cords ( fig. 10 ). Tubular structures, formed by cells resembling secretory epithelial cells, were also found. Complex solid carcinomas grew mostly in the same expansive way as the complex adenocarcinomas; lymphatic permeation occurred in three. This type of tumour was sometimes difficult to differentiate histologically from its benign counterpart, the complex adenoma.
Solid carcinomas of complex type
Site and Gross Appearance (All Solid Carcinomas)
Solid carcinomas were generally large (average size, 7 cm; range, 1-30 cm) with predilection for the posterior glands. Most solid carcinomas of the simple type, like the adenocarcinomas, were ill-defined and adherent to the skin and underlying tissues. Multiple involvement of adjacent glands and even whole mammary chains occurred, particularly in dogs with extensive lymphatic permeation.
The complex subtype was generally well defined, and the spindle cell carcinomas could be either well defined or widely infiltrative. 
Age
Solid carcinomas of the simple and complex types were found in old bitches (average age at the time of death 11, range 7-19 years), whereas the spindle cell type occurred in younger dogs (average age 8, range 7-14 years). 3 . Spindle Cell Carcinomas (9) These were mainly composed of spindle cells ( fig. 11 ) that grew in a lobular, expansive or infiltrative fashion. The latter mode of growth was sometimes accompanied by lymphatic permeation.
Clinical Signs and Course of Disease (All Types Solid and Spindle Cell Carcinomas)
Most dogs were destroyed; only three were known to have died naturally. The clinical signs presented by 44 of 76 bitches with solid carcinomas and nine with spindle cell carcinomas were known (table IV) . Ulceration, recurrence, and inoperable state of the carcinoma were the main reasons for destruction of nine bitches. In six bitches the swollen regional lymph nodes were suspected to contain metastatic tumour tissue. Dyspnoea was mostly caused by pulmonary metastases that were nodular or lymphangitic. Locomotory disturbances in 10 dogs were caused either by infiltration of the sacral plexus, metastasis of bone or acropachia in combination with pulmonary metastases. In 10 other dogs neurological signs (epileptiform attacks and ataxia) were caused by metastases in the central nervous system. The distribution of metastases is shown in table V.
The regional lymph nodes and lungs were the sites of predilection, as in the dogs with adenocarcinomas. Complex solid carcinomas, like complex adenocarcinomas, seemed to have a lesser tendency to spread to the regional lymph nodes.
The times of survival after detection of the solid carcinomas (all types) were known in 26 dogs. Most dogs of this series had undergone surgical treatment, and all were destroyed. The reasons for destruction were inoperable state of the tumour, signs of metastasis (enlarged lymph nodes, dyspnoea), and nonspecific signs, such as emaciation, anorexia that could have been caused either by metastases or intercurrent disease. Because of the variability within this group, it was difficult to relate morphological features and time of survival. Our preliminary data suggested that dogs with complex solid carcinomas generally survived a few months longer than dogs with other types of solid carcinoma, especially when the latter type was accompanied by lymphatic permeation.
In one dog the cells of a surgically removed solid carcinoma had a high mitotic rate and were pleomorphic. Large numbers of lymphocytes and plasma cells were found in and around the tumour. This tumour resembled the 'medullary carcinoma with lymphoid infiltration' of women, which is said to have a favourable prognosis. When the dog was killed (21 months after surgery) because of persistent bronchitis, only the regional lymph node had metastatic tumour tissue.
Discussion
Adenocarcinomas and solid carcinomas, the most numerous types of canine mammary malignancies in our series, have been distinguished previously as separate types [5, 8, 131 . Adenocarcinomas were not recognized as a separate entity in the recent classification by MOULTON et al. [17] . We sometimes experienced difficulty in basing our classification solely on a subjective assessment of the predominant histological feature in a limited number of slides. This was especially relevant to some complex (see glossary) carcinomas that might have about equal amounts of both adenocarcinomatous and solid carcinomatous areas.
We have not given synonyms, as to do this it would be necessary to compare histologically the various tumours. Instead we have used our terms as indicated in the glossary.
Results of current studies on biological behaviour and histogenesis may enable us to improve our classification. We may then have to classify our material in some major groups, as was found necessary by the WHO group that devised the classification of human mammary tumours [21] .
The term 'adenocarcinoma' is used here in a descriptive rather than a histogenetical sense. Some subtypes of adenocarcinomas (papillary, papillarycystic) are similar to COTCHIN'S [5] 'duct carcinoma'. The term 'solid carcino-ma' is preferred to the term 'medullary' that was originally used to characterize a tumour consisting of masses of tumour parenchyma with little supporting stroma [9] regardless of the architectural arrangement of the neoplastic cells. We preferred the tern1 'solid' to 'undifferentiated' as we have some evidence (enzyme-histochemistry, immunology) that at least some canine solid mammary carcinomas of the simple type consist of well-differentiated myoepithelial cells. The spindle cell carcinoma may also be composed of malignant myoepithelial cells, comparable with the malignant myoepithelionia [17] .
Most adenocarcinomas and solid carcinomas were infiltrative, and in about half lymphatic permeation occurred. There is an indication, from our preliminary data, that lymphatic permeation was associated with a short survival time, which confirms earlier suggestions 115, 19, 201 . Tumour cells in lymphatics and lymph node sinuses often appeared to be larger than those in the primary tumour and were generally arranged in a papillary fashion, which may be different from that in the primary tumour.
Complex carcinomas of solid and adenomatous types generally grew in a lobular, rather expansive fashion and rarely invaded lymphatic vessels. These carcinomas, forming part of the group of 'complex malignant tumours' in COTCHIN'S classification [5] , are sometimes difficult to distinguish from malignant mixed tumours. In malignant mixed tumours, in contrast to complex carcinomas, one or more malignant types of neoplastic connective tissues (fibrous tissue, cartilage, bone, fat, and so forth) are present.
Some of the more highly different carcinomas (borderline tumours [15] ) were indistinguishable from benign lesions such as complex adenomas, papillary cystadenomas, and epitheliosis (solid and papillary types). Differentiation between spindle cell carcinoma and fibrosarcoma was difficult in some cases but was facilitated by using Gomori fibre stain, which shows reticular fibres surrounding masses of cells in the carcinomas and individual cells in the sarcomas. The survival time in dogs with highly differentiated adenocarcinomas was long, and most of the affected dogs died from intercurrent diseases rather than from their metastases. Alteration of the histological picture towards a more anaplastic type (histological progression) was, with one possible exception, not seen when comparing primary and recurrent tumours.
In eight bitches, two types of histologically malignant mammary tumours were found in different glands (duplex cancer), but the glands were not examined systematically in all dogs. About 10% of the carcinomas were next to benign mammary tumours, predominantly of the mixed type. In these cases it was difficult to decide whether the malignant tumours had been derived from, or had infiltrated into, the benign tumour. The clinical signs were mostly related to the primary tumours and pulmonary metastases. In dogs with solid carcinomas, neurological signs were frequently associated with brain metastases. In the present series and in that of FIDLER and BRODEY [l 11, most of the metastatic tumours were in regional lymph nodes and the lungs. The lungs had either spheroidal nodules or 'lyniphangitis carcinosis' or both: The well-defined spheroidal metastases appeared to be useful models for the comparative study of patterns of tumour growth [18] .
From the present and other studies [14, 161 it appears that metastasis to bone, regardless of the type of mammary cancer, is rare in the bitch.
